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Abstract: 

PROBLEM TO BE SOLVED: To pick up an image with a wide dynamic range. SOLUTION: A pixel 10 has a 
photoelectric conversion element 1 1 converting light into an electric signal, a comparison/judgement circuit 13 
comparing output voltage from the photoelectric conversion element 1 1 with a threshold 1 8 and outputting a 
judgement signal when output voltage crosses the threshold, a control signal generation circuit 14 outputting a 
control signal 19 when the judgment signal and a reset signal 20 being the pulse signal of a prescribed period, 
which is previously decided, are inputted, a reset circuit 15 resetting the photoelectric conversion element 1 1 to 
the initial state of an operation when the control signal 1 9 is inputted and a counting circuit counting the number 
of times that the control signal 19 is outputted and outputting a counting result. A pixel value is constituted of 
the number of times that the output voltage of the photoelectric conversion element 1 1 exceeds the threshold 
and from the output voltage value of the photoelectric conversion element 1 1 . Thus, a dynamic range can be 
enlarged. COPYRIGHT: (C)2001,JPO 
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(57) (ATE*) ^-w 

tfcSMttftilti-s. 

1 0 ii-^-m : 

1 3 t ; BulE^J^f i: £> b tbfc— /t^^ W/^U 

^ftfT-fe5yt^ Mf-^2 0 k<Dffi&&A?J ZtiX^ 
S * . IHfllA* 1 9 SrUJ^i" 5»J»«**ritlHlK 1 4 
t ; tufE$iJ»{f 5- i 9 as a* $ tilt t # fc«ae**aE* 
i^l 1 SrlbffrDSDJffltttliK y -fe y h i" S y -fe y MUBS 
1 5 & ; «rlSft!»«*39SHl*Sixfc|Hl»*fH»Utf«ilS 




«j*i-5H*«-S-«ric#ai:«:^*< kfcJMiU 
[SS*«2] f»*JSlE*<£>=J£fif-*5l^T, mllE^S 

Bo 

S9IE$0fflim^^S*5«t VtlE V±y h^Sktt-tix-e 

<r>* * &mmm 2 frjtmmT w t ia cm&xm 

3&^a»lb Wtti^ i: SuE* £ IhIBST WW ^ h roffl* «t 

Oty-fes/ MHl»T?*>5»*3Hl*fctt2lElfc<OlS«»=*s 
v*-c. #*oi)trlElii*tt-tix-PixSe>^a«Bi*©«I«i 

M-rSirttlc, BtlE^fil4$blc : ftlE^ffi • 
lfelHlKffl*o^*i^i*Jj:tJ9(l*i«iojefli*-tix-eix»* 

lElSSt ; 2oro^Sg^-aLlHl8S<J5m*«tiJ^J«i(t-^Sr 
Hi*bfcM*Sr«l*i-5»fli»Wiai5i: ; JfelbfiWrlelB 

2 j^sm r i"( km czmx-m tn&cD 2 atct w 
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«t t) mmm.*ffi&irz>mmm j ?rffidL\Ei&b frjurrs 
[f»#3S5] mnE*«*ift*n:. *&iejt«£fijjfc#a\ 

B&E»J««#^#S*J i urns. V±y h^mt&Zti? 

nitw.£&m*. Jt«*u«ii». sj*MH§-£jftiE]tt*$j: 
ffl-rff^isi^ft^m Lings*? it/?ij*(B]i^fp^ffi l 

@Ki ; BuE^(^^fntt^-tBL[H]SS*3J;T^BfiE?'J^ 

*p» LEtft-r 5 ?ij*^p*[h]ss*s ± rw*iR]JojfiHii» 
m^mti-r^mfDtii^m^b ■, &mm?>mm%.w,&& 
20 t-rs@»«^e= 

m^*m&irz>mmm^mrfL^wtb*'pt£< 

*bftfcflJH©^^«*-eife5 y -fe y Ht*KPWHL 
30 Tl^^yr-fo^-TSbtV^kSrJttSEL, StiEffl 

it^J^#49:i: ; S>TE*J^m-§- k StTE y -fe -> hft^i:© 

^ZitfL^Wcb ; S5E$iJfflift#^A^^tLfck#^SffE3t 

40 I 0 0 0 1 ] 
[0 0 0 2] 

50 ofe|SUKSrtt-*L, r.©W-»$ixfclHl«*»e)B*fl[*# 



3 

fig-rS^T-fcSo #Jx.(4\ "A Wide-Dyna 
mi c— Range, Low— Power Photo 
sensor Array*, IEEE Interna 
tional Solid — State Circui 
ts Conference, TP13. 7, 1994 

[0 0 0 3] y* hVJ*— K7 1 ©Ui^j^^LtV 
7 2 £r«ti2Jofc t # KifctfclElSg 7 3 Hy</u* Sr 1 
o|±i^; 7 4i--5 0 r©/^l;±ot!)t7FF7>-^ 10 
7.;? 7 5^y|:it)7^ h^*- K^y-fey r-£ix 
•So ±SESbffri, H8C»ffil[*t*tJ:5l;, «sj;il4* 

rotate 17^ /t- K^P^ftW^/uxw^fclS^A-;* 
tf»li£gci: l.rfthix%„ AMftfi^ A tittup* h 

* 1 7-f-;i/ h*Mffl<Os</i'X<r>m*£-< ft So ftAW 
3t*^/h$(tttli/^^^{±^/«£:< ftS„ r<D^&tc 

So 

[0004] mytm%&AZtytftic£oxmk& 

*TBMMt # £j£7V -7" 5 jy^ WV^ftt 6 ^jfctffc 

^n^y'^r^^mv o 1 . si, No. 2, pp. 2 

56-262 (1997) T-&So HI 9 147* h isr 

i,-c^s„ ^(omzm^x%i2<D^m<Dm*m.ik*wim 30 
i-s. 

[000 5] fa^lil, 1/2, 1/4, 1/8, 

1/1 2 s t kr3tm^mt&itT\,^ 0 m<o<p 

t#(4A0T*fcSo 7t£8K-rS t A 1 *-[6]{Cjitf 0 A 

ai-^» LTgSfniTS rt/i<> *3U$m*S 1 / 2 
9HMj**¥#fc:*5o £?>fc:ft3££*S;*:#<ftS£B 1 
«-it^, B 1 (c*i-SirC0{-^i!jLTSa^f41/ 40 
4 fc ft S . «TRI«lw3tM«^*: # < ft S t SW^fWdS 
1/1 2 8ST-^-fk1-S„ :itCiot^t? s/7 U 
l"^tt*a«rWS: 1 ^H«-r**frO 1 2 8{g{Cj£ff S 

[0 0 0 6] 110 lcr«)^<DleII^#t^tr^i-. [HlSS 

W;*-- K£f$o 0 7* b^*— KatfJffl^Mi'T^- 
^teOJfcasiK ^ W^-i?<75{±i^l47^^$tLS, 77 50 
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17 u-iir^2"- s ^<D^ra^-?rtt^ixSia l 

TtBfgiJjcjjS Us W</Mc:-f So r. W t # n 14 

l^b8 -e*>3„ 7 V/&^(4#Sa^^*J^^7.x55 
W u-</KcftS^JT--ttt-t'ix^ftofcffi?ri:Sfe(0 
£1-S„ 7* b^V;*— Kwffl^J®J£* 5 -1' ^©L 

So C<Ojff«<o**^|II]*d»/</V'^^J:oT>l' W<— * 

ffl^f47 7^^H, yy^-mtniy- h atexxfy- b 

b5r^7{^i-S„ rixf' J: oT a {CI4, -f W*— ^ 
Xt)£Mz.&fmzi$rtZ>7* Kb 

^abicf47>'7 ,, fi®roaffifcj;o-c#aufcs;^ : 

#**L-F*i«:fiF£ix5. rnk&ir/Hg^bT^^** 
[0 0 0 7] 

U rww-*Sixfcia*d»&iii*«[«r«*i-*#j5fe^*5 
5 SKS$WPt^Sr#<-rSfc*fCf4, PWUmtCiSC 

*+5Wfc«*K:i8V^-C» t©B5SiS2 5 6||«-rt 
S.^ti-TV^Sii-So ±|2|*Hf 1 0 0 

<gtf>*W-7-5 >7 u^Sr^o, *»ol OOfflFWRfW* 
-Tftt?o2 5 6 0 0PHK!Sr^o|*«ifS-§-S:#Sfc«)(C 
(4, 'M<Hl5t'yh©*^>^MIi/i5„ i 
(DJ: 5ft±a«ft*7^^(4, tyf7KiR->!) 
= ^^-y7*±lc*ai-5»^» ■fe>*^-y7°<©7 v 7 7 0 iS 

asr±tA$-y:SJ!?:iaift'9, m^MfcrtK-tft-en* 
7 ^ ^ ^^o«Bg t -r s i4^ p m z ± # < t- t ft 

V^Hi:fcftS 0 rcoffico^fe-Cf4=i>/<u— ^ 

<D«f03j-7-fe S ' h«J3Ecofc»^, Alt^iOftiS^m U- 
< ft ^«^<g;< ftSiv^ A-S^fcSo 
[0 0 0 8] ll(rE>l3t^lBSrAJW3t*»cioT* 

*3V^Tf4, i®*F*9fc: 2o©7* h^-T^-— K^^nfto 

t% flr*«ffirfc bT7ta^f^«a-rs7^- h^^-k 

KKft-So 

[0 0 0 9] *3S^(OB6<]f4±8E©P»^S^I-^-Cft$ 

®$kk. A«*3t*i-J:or»a^ni]&agfl:**r«*m 
*^^?©t*7 h^c^/J^< Lft3iSf>WS$w|!gP 

ioT5SP*^^ttf--rSrtft<, J£v^-f7-;Sy7 
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[0 0 10] 

Bf4, *3»«>lS*S:2ft7cT W^(ciB?iJLfc@fr«^ 

ftfc £ # ^WIE3t®^^SSr«lf^<0^»^(i y -t? ;/ 
[0011] &*>S2{;rE«£*LfcJ5 2(D3893lwJ;5B 

[0 0 12] W**3lcia*SnfcJIS3©*W^J:5H 

BUISS0^m-§"^^#©*5 ± OtffrfE iltyh ^Stt-t 
*t*«JC«HIHF. tbttW^EBS, 1MfPflr-»£j&iaNM3J: 
tfJJ-fcy MeJ8&-T?ifc3, mJESgieo^l£fcf4iiuEi?2 

E*«K«HIHF*> h<D\tit)k SuE* 9 v * IhISST u-f a> 

zzk&Vfmk-rz e 

[0 0 13] tt#«4fc:E«S*,fcS&4©$89IfcJ:5H 
1fflESJ»«#£fi8#»*s i onWE D*-^ ix-P 

o^^lctJVT. ^WmJEBmii^tt^ixS 

mBsssrwri-s k k tiammm-iz h\z : HtiES 

ftg^tHLESSi ; 2 oofSfnSi^aj Lm&cDHit) i. 9 
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EJK^IME 2 &5EBi!iT u>f k B C?iJgrT-p] Cff »o 2 

0>s&E#«£tfe*?-a» b<omt>k hue* <»9 ihisst u 

[0 0 14] »**5fce***tfc*5©55Wfc«t5B 
10 fcitfcgefili, HfrEftS^m^l^ SWEJfctMUJg^Ik, 

BigwS»«^ffi;^SJ££SalE(c£&i-5SlE • SaSS 
gHasSfc^Olt-rs i £ t>fc. bmE^«I4^ &fc : SUES 
B£ • «iKSlg*igttaj*©tf*l^*iJ:t«fij*i^i©»ft«r* 

20 mJE?iJ*-(*]*©fPtt^tti L-B^^ix-etbOm^) £r^«>5£«> 
iD^OSSt ; 20(D*(6]^D^lHlg§»m^)^?5-?:ix- ; e*tlW 

Bss^nrre^ibje* &HfcjHwi*jfc{5riHis!i»«»srm* 

[0 0 15] if*3S6(c:E«$ixfc^6 0^^(^«t5B 

ttm&mmte. 2 *5crwtticEwufc 

30 B^ig^^^-i:, #»WB9EB3R^^rn^tt*i-S3tS 
S^#S©ffl*SBE*> J:t;i»tt ± 9 ffl* 

L, **<OBWEiB3Htt-tn-Plx : 3t€rSMff-§-(c:S^-r 

»LT1^7 i s'ri*o±#-r5btV^fiIiSrJtlS5L, st 
Em*Sffi* s U*vHtt«9-3fci# Id ¥U JEW -^Sr m>3 
-T 5 Jt^«5E#S t ; BtfEW^f » k BuE y -fe y h «^ 
40 t(DM#^5A^^^^r^^Si:#, «l»flr-§-S:Hi*i-5*l 

E*«sc»#a*ibf^oi)jj«ttffiK y-fe-yh-rsy-fes/ 

[0 0 16] 

[*9!<03l*S©?BtS] lilt *^0JI-J;2>-B«o- 
*Jft«[S:*i-. - WW 1 0 14 2 W «3ftK-r S 

50 -r^--Kl 1. S^fctSL J^Vv 5 ** 1 2. JtKlHlgSl 
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3. ANDlHJSgl 4. y ir y V 1 5frtb?£ 

[0 0 17] 0 1 fc*JVvt\ 7t Kl lOffi 

*«ei4, R*m LF7^?i2 izm&M&m^- 1 

6#A;*j£*Wii#KWilf<©^fCttl7Jl 7£iT,5o tfctfc 
3J47* h^^-- Kl lWtli^tEi L#VMi£ 

u^/K^{f ^.^aj^-r^o andihissi 4-mjttfc 
(HiKwtti^jt y -fey ms-§-2 otm^st w<fr-Q 

ft -So y-fey h K9>"^^d s ^-v(ii*ofc#-§-»c«7 
* h yV a— K 1 1 14 y -fe y h £ ft, *«SHfeBif^©«J 
»#f£roffi77ttill£t&££*i,5o fflftPffi * l 9 ttWWft 

[0 0 18] H2lw*»W»=J:5iii*©»f^»»©— W 
Sr*-To y ir s/ Mt-5§- 2 0 {4— mmM<Oy</u^m^rX'»> 

;/-ei±»73&Jx5. Sil:*»s-§-(4, 0d;ifi l 7 u— J*M 
Pp3w^9fcigfc*ltA7J$*t3„ r.*Uw4:oTffl7j3 

7t h ^-f t- W V t y h * Jlfc^A^, 17V- 

st^T-fcSo ^com*flffi©s?t^ffitty -fey hts# 

ttiTl^HSo 

[0019] HI 3 (£*%|litfHfcl$fl| 3 0 
^-f- 0 *«^(r*3^T, H^TU-T »4SfFfSHmi 0 2 

3 1, 11^ ?f@»3 2*5j:tf»l*spjfeaEigB3 

7* h^-r^-— ki i (Dtatims.^ i 7 u— a 9 

(cl[HlK^.tii-t-7i«>rofcroT'feSo SUty 

sis 3 4 MtBaifcit LT^r t \z 1 @ i>> bmmn\z 
i6j»tTHSfty-ty hfs-§-Sr#t^i-5rt*rot(^-efoSo 

[0 0 2 0] 7J-7V*!H]g§3 514, V ir y Ms ^riS^-f 
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-TSo Tj^^IpJSST' u->f(tz\<D^^>^m^3 5SrHi 
L"f i: In] Zftgcfaom t?m<n 2 #;5eT W Jfc{c4f| 

* >7 V * |5J8SO$iJ «PA -§-A73 tti-^TSBtt $ tlX ^ 5 o 
3! 2 Hiij&6|5]8§ 3 6 , Wi2*4 y^[HJS§3 7feity:^ 
2 Tk^zt^leJSS 3 8l47^^^=3r-Wi^±oT, #7^ 

1 7u— AtDif^ipy ic iisjtt^ai-r'b^T- 
10 fe3 0 312 y-fey MS-5§-j£*lH]gS 3 9l4#<7>*le]SSU: 
jpJ-lt^ "ti; iff SA^ft^Jc^ttrmJcy-fey h 

[0 0 2 1] Il!)t^ h{i-5§-fefclH]g&3 4i^2yt 
y h«***iaK3 9(4I^CBfS"J|c, zfriftmmT u 
<< til 9yf®K7 \"( (DlSlKmzttLX V v hs</i> 

jij&gi-cuff -r*t>*j, mmruj ^©i^cff 
(ommr ujcDfttm ^'n<r>mk<n* v^trnm^x.-o 

[0 0 2 2] Wigfi -5§-#j£le]SS4 0 (4, M^fcH L^lC 

<DX'hz,„ ^comf&m^m 4 \z7jk-r 0 mm\%m&4 1 

147* h^si-— K<Offl73ffiEEv 4 2 tM#flfO^^ 
^ftn4 3A>6)l*»»aSrttit5. ^@[i]SS4 4(4 

30 (=a • v) 4 5?rttS73i-So 

[0023] mmtnm&^&iizm&a 

0iJ^WTt-*-fo 1 7 u— i^^rartw y -t? y h^Vl^<7> 
^A'^StSrN, Ltv^SrQi-fS. rcx*l4l7V— 
AJMBJrt«5AW:Jl£*tt*<bU4v^i:<E3ei-5 ( , S^#.ffc 
a(4, n = 0<Di:#a= 1 i-TSo n>0©i 
o(4Sl^^*«)5o ^l(C*3V^r, k = 0, 1, 
2, N-lffcO, a J4NSrN-kT'SiJo7tfoS 

or-fc!ia=N% (N-k) tmm-rz> 0 zcotzmw 

it ^r(0^</u^m n (4N £r N - k T-#Jo fc^ i %x. 5:i 
40 >iST-#5<D-C-n=N/ (N-k) T'fcSo a=0 
©it, vW^fctSL^f-v^y -fey h$tL*V>t{R 

Sr**a^^^i-^o 
[0 0 2 4] 
[j^l] 



(6) 



fcftfL a = N96 (N-k) 
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n 


V 


a 


N/ (N-k) 


(N-k) • Q 

Q£v< 

N- (k+ 1) 


n 


a>0O££ 

a • Q a - Q 

iv< 

N-k N — (k+ I) 


N 
a 



[0 0 2 5] *«^jrJ;5@^«lfe^e^[2<Dfl|^JS: 
i5i;^t„ H)5 td&^-t, iij^iill! l ti^-rs^T*fo 

[0026] isst fc*5v>T, ^T<oiH^o y -fc 3/ 
A^£ix5<fc SKI'S „ ^*U£f40«;ttfiIiigT u~H4 1 

idr w rtro^Tojii^w y -fe ?/ Kt^-A^tcs^-r 

• ©gft^^iHiss 5 4 ttm^mfatn^m biggg 5 5 1 n 
jsfamvmzt-m lihiss 5 6 \zm Lt-eM^-s©ic# 

sfctm, 5ij^-(6]^fp^m lihiss 5 5 T'«(^— mzm 

»ft«E*a LESS 5 6 -CI4ISI— fr ? *>ftfftl 

[0 0 2 7] 5iJ3Erffi»fnHE*iaulllK5 5*iJ:rjttT*lSl 
i&fnge^iii 5 6 -e»4««E©:*# $ $ 

^^Lfc^tCffi^Ji-So ^fPfi?^ff(HlSS5 7T-f45U#fa 

mamz-m uieiss 5 5 *5£t^T Xfamam^m lisss 5 

K7W 5 8 -mii&fP<$W BSS 5 7/J>b(OtfcS^Ji 9 3-® 

[0028] ± s B»«tti&a» 3 <om&m* 



mn (c^-r„ nil tcfci^-c, i o , ms. • ®»fc 

S&Ih]S&5 4, tK¥**IhISS 5 3 , *4 yf-m&S 2, 
fii£*S(H]SS5 1. 5>J*|Sj»ftBE*a UEItt 5 5 » fT* 

ft*&fpK^m Lass 5 6 , sushi %m^em 5 9 14m 5 

H*jB2©#j*«£H*-e*>S 0 jij^isjJoIHhIBS 1 1 1 

fciv^i^ip^iEis&i 1 2«, zti^timxfamftffi 

^•{±1L[5]SS5 5*Sitm*lS)«eiP«E*HiLlHlK5 6©ffl 

SSI 1 3 X&WjfalJa&-El& 1 1 l*Jit/fr*-|R)*03S[[el 
20 B11 2 A^<oai^»-J; -ttt^itcoiii^^foS— 56 

[0029] ufoffiffi®& 1 1 3 icxn 0 mfeomM* 

^t5IHro-oi;yt-> Mf -§■<£> a;Jj * -r 5 
—fc<Dm&&Xs</l'Xik(D!) J &y hfi^S: r<?5 

[0030] guwy-fey h{f-^coA^^'< 

iL-Cf40ilx.fi, 17W-« (1/3 0&) CDJ4C 
£>CD 1/1 2 0#P^fC*3V>tf4- ; g:W^racoHfc.9(C— ^ 
ffft y ir 2/ h A^3 L, ^9cD3/120 fj>Kf- 

*JV^TI4— UroSiST/^^ftC y ir y h{f ^-Sr-^-x. 
So rcot#?iJ*^p^[HlSSr-(4, l^-?iJ(c^iij^co 

40 0 hfflwtB^&HiJj Lttmmo&fn*. i4Cfc<Di/i 

2 0S>|BWPl^^b^ffi€r#5lJ^cov^T#T^:^^Sr^^i^ L, 
. S0©3/1 20 #rflAP» LfcM£#?iJ^o^T 

mxziv&mtii-z,, ftj}ftimw.iEimzio\,^xhmmx 

*?5o f4Cae><£>l/l 2 0^(-4oT?iJ^^P^(e1SS 
fc«ttWT*i*]ini*lHJKfiiJ;oT#t>ix5fitf4, btv^fit 

5. »5ft«WfiaK-ci4tt ctbo 1/12 o®m<om.*m 

vnT L# VMS u-<ywco 4 fg^Ji^if p «IS Lfc 

^IC i9©3/l 2 0U?IB|(OfitS:fflV^TfiU^«I^S: 

50 
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[0 0 3 1] JfclCfHM&v'SaL U- ->3>lClJ;t5, #31 
m mft fcffe^B i- <£ o T# fo *t 5 %ttX««H£ «r * ft 

*f£N£N=10 0, L#V>MQSrQ= 1 t Lfc. * 

fl;JE?rli:LT N ^co <b £ CQAfrbt&fc- ltLfc. — fisj 
£ LTAfrbfcfil 0 0S-CS:ff^Lfc o >5 ^ I — >a 
>^*SrS 6 {c^-n A*f3teSa s 1 0 0 * T-itJnH" 5 

[0 0 3 2] W±!ft^ LT * fc#38WB#«{fe(ge<0« 

lid 12 (a) K*i-«fc5lC L#vMt£i <b LWi# 
SS^pra^i o y -fe y Mf-f-SrSnx-Si-r 

©£^<75Sc^®^5$£ISfqlH]^:i:<D^#?rllIi 2 

(b) \z.7F-r a 7th^t-K(i^5$lfflt#l;* 
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